Introduction {#S0001}
============

Levothyroxine (LT4) therapy has been used for the treatment of euthyroid diffuse and nodular goiters \[[@CIT0001], [@CIT0002]\], to suppress the secretion of thyrotropin (TSH) and reduce the nodule size. The assumption underlying this treatment is that the growth of thyroid nodules, like that of normal thyroid tissue, is dependent on TSH that acts as a growth factor, and suppression of TSH secretion will remove this growth stimulus and cause decrease in size or stabilization \[[@CIT0003], [@CIT0004]\]. But there are controversial reports about the effectiveness of thyroid hormone suppressive therapy in reducing the volume of benign thyroid nodules \[[@CIT0005]--[@CIT0008]\]. Some authors suggest that LT4 therapy is effective in reducing the thyroid nodules \[[@CIT0009]--[@CIT0012]\] as well as in preventing the further development of additional nodules \[[@CIT0013]--[@CIT0015]\], but some others conclude that LT4 therapy is not effective in reducing the nodule size and in general this attitude was abandoned, except for small colloid nodules in iodine deficient areas \[[@CIT0016]--[@CIT0019]\]. Recently this discussion started again with some small clinical studies suggesting that LT4 treatment decreases nodule size \[[@CIT0019]--[@CIT0021]\].

In some studies, benign nodules are treated with LT4 at suppressive doses. Koc *et al*. showed that low level and high level TSH suppression are equally effective in reducing nodule size \[[@CIT0012]\]. In a study performed by Wemeau *et al*., 17% of the placebo treated nodules shrank in size by more than 50% during the observation period. The LT4 treated group had a similar size reduction in 27% of the patients \[[@CIT0013]\]. Growth factors other than TSH may impact on the growth of thyroid cells and possibly on nodules \[[@CIT0022]\]. In this context, it could be useful for the clinician to know the probability of a nodule undergoing a clinically relevant volume reduction after LT4 therapy. Small nodules were suggested to be more likely to shrink in response to LT4 therapy \[[@CIT0005]\].

Fine needle aspiration biopsy (FNAB) has been widely accepted as an excellent diagnostic tool in evaluation of thyroid nodules \[[@CIT0023]\]. Fine needle aspiration biopsy may help to differentiate the nodules as benign or malign according to the cytological findings. Cytological characteristics of the benign nodules were also suggested to play a role in response to the LT4 therapy \[[@CIT0024]\].

But since recent studies generally do not consider type of nodule when evaluating response to TSH suppression \[[@CIT0025]\], we aimed to evaluate whether benign thyroid nodules with different cytological characteristics could differently answer to LT4 therapy in the central Anatolian region following successful iodine supplementation \[[@CIT0026]--[@CIT0028]\].

Material and methods {#S0002}
====================

Ninety-three patients (80 females and 13 males) with 128 thyroid nodules were included in the study consecutively. All patients were euthyroid at the beginning of the study. Subjects were randomly separated into two groups: 74 of the nodules (from 41 females and 7 males) were treated with LT4 and composed the treatment group (group 1); 54 of them (from 39 females and 6 males) had neither medication nor placebo and composed the non-treatment group (group 2).

All subjects were evaluated prospectively for 12 months by calling control visits every 3 months. We treated the patients according to TSH levels and tried to keep them in the range 0.3--1.0 mIU/ml. Mean LT4 dose in the treatment group was 32.3 ±11.2 µg/day. Two different cytologists evaluated the specimens after FNAB independently and if they concluded on the same cytological result, the nodule was included in the study. Patients were excluded if they had a nodule with a mixed solid-cystic component, hyperplastic nodule, suspicious or nondiagnostic nodule, subclinical or overt hyperthyroidism and hypothyroidism, autoimmune thyroid disease, thyroid cancer, known cardiovascular disease or other significant co-morbid illness.

To evaluate the effect of cytological characteristics on nodule shrinkage, nodules were grouped according to their cytological features; three different cytological characteristics were determined according to previous reports \[[@CIT0029]--[@CIT0031]\] and included in the study:adenomatous nodule (nodular goiter): degenerative changes had priority in the specimen; the number of nodules is 33 and 20 in group 1 and 2, respectively;colloid nodule: the nodule had plenty of colloid; the number of nodules is 18 and 15 in group 1 and 2, respectively;cystic nodule: the nodule had rich cystic contents on cytology and totally cystic appearance on ultrasonography without a solid component; the number of nodules is 23 and 19 in group 1 and 2, respectively.

The Institutional Ethical Committee approved the study, and informed consent was provided by all participants of the study.

Total volume of thyroid and the nodules, free T3 (FT3), free T4 (FT4), TSH, anti-thyroglobulin (Anti-Tg), and anti-thyroid peroxidase (Anti-TPO) were evaluated for all subjects. Ultrasonographic evaluation was made by real-time B-mode thyroid ultrasonography (General Electric^®^, Logic 200) using a 7.5 mHz transducer in the Ultrasonography Imaging and Intervention Laboratory of Endocrinology and Metabolic Diseases Department of Ankara University Medical School. Volumes were calculated using the formula \[height (*a*) × length (*b*) × thickness (*c*) × π/6)\]. The volumes of both thyroid lobes were calculated separately and the sum of the volumes of both lobes was accepted as thyroid volume \[[@CIT0032]\].

Free T3 and FT4 levels were measured by a chemiluminescent method using ACS:180^®^ (Bayer Corporation, New York-USA) kit (normal ranges: 2.8--7 pmol/l and 10--23 pmol/l, respectively). Thyrotropin was measured by a third generation immunometric chemiluminescent method using Immulite 2000^®^ (DPC, Los Angeles-USA) kit (normal range: 0.35--5.5 mIU/ml). Anti-Tg and Anti-TPO levels were measured by a competitive radioimmunoassay method using Brahms^®^ (Dynotest) kits (normal ranges 0--40 U/ml for both).

Statistical analysis {#S20003}
--------------------

Results are expressed as mean, standard deviation, median and range. Data were tested for normality by the one-sample Kolmogorov-Smirnov test and logarithmic transformation was used, if necessary. After making logarithmic transformation of data, parametric statistical tests were applied for comparison.

Changes in nodule volume size between initial and last evaluations were assessed by means of the paired sample *t* test. In analysis of three different cytological groups, one-way analysis of variance was used. The χ^2^ analyses were applied to test proportional change of nodule volume size between initial and last evaluations. Values of *p* less than 0.05 were accepted as statistically significant. Statistical analyses were carried out with Statistical Packages for Social Sciences (SPSS) (version 13.0; SPSS, Inc Chicago).

Results {#S0004}
=======

Mean age of the subjects was 43.2 ±9.4 years. No difference in age was observed among three cytological groups in both group 1 and 2 (*p* = 0.98, *p* = 0.95, respectively). Mean TSH level decreased from 1.28 ±0.85 mIU/ml to 0.81 ±0.37 mIU/ml in group 1 at the end of the study and the change was statistically significant (*p* \< 0.001) while there was no significant change in group 2 ([Table I](#T0001){ref-type="table"}). Changes in ST3 and ST4 had no statistical significance in all groups.

###### 

Changes in TSH levels in treatment and non-treatment groups

  Cytological feature                                  Initial TSH   Last TSH     Value of *p*
  ---------------------------------------------------- ------------- ------------ --------------
  Treatment group (group 1; *n* = 74), mean ± SD       1.28 ±0.85    0.81 ±0.37   \< 0.001
  Adenomatous nodules (*n* = 33)                       1.19 ±0.13    0.80 ±0.07   0.018
  Colloid nodules (*n* = 18)                           1.47 ±0.86    0.93 ±0.15   0.010
  Cystic nodules (*n* = 23)                            1.31 ±0.58    0.74 ±0.27   0.001
  Non-treatment group (group 2; *n* = 54), mean ± SD   1.18 ±0.69    1.09 ±0.61   0.546
  Adenomatous nodules (*n* = 20)                       1.11 ±0.56    1.14 ±0.73   0.876
  Colloid nodules (*n* = 15)                           1.09 ±0.16    1.07 ±0.32   0.637
  Cystic nodules (*n* = 19)                            1.21 ±0.63    1.01 ±0.22   0.191

TSH -- thyrotropin

We evaluated all patients for thyroid volume and nodule volume changes after the follow-up period. When whole subjects in both groups were considered, the mean thyroid volume had changed from 25.54 ±13.05 ml to 26.47 ±17.35 ml at the end of the follow-up period but that was not significant (*p* = 0.623). In group 1, the mean thyroid volume was 26.37 ±13.48 ml and decreased to 23.05 ±10.99 ml; the difference was found statistically significant (*p* = 0.002). In group 2, it was 24.53 ±12.62 ml and increased to 30.67 ±22.31 ml and there was no statistically significant change (*p* = 0.121) ([Figure 1](#F0001){ref-type="fig"}).

![Changes of thyroid volumes in millilitres during the study period](AMS-9-22051-g001){#F0001}

When whole subjects were taken into account, mean nodule volume changed from 2.36 ±2.68 ml to 2.20 ±2.05 ml (*p* = 0.022). In group 1, mean initial nodule volume was 2.57 ±2.97 ml and decreased to 2.22 ±2.74 ml; the difference was found to be statistically significant (*p* = 0.009). In group 2, mean nodule volume was 2.05 ±2.31 ml and increased to 2.18 ±2.64 ml but there was no statistically significant difference (*p* = 0.915).

When the nodules were grouped according to cytological characteristics, we first compared the initial nodule volume size and no difference was observed among the three groups (*p* = 0.233).

The changes of nodule volume between initial and last nodule volumes were evaluated and only the colloid nodule group of group 1 had a statistically significant reduction (*p* = 0.040) while the others showed no statistically significant changes ([Table II](#T0002){ref-type="table"}).

###### 

Changes in nodule volumes in treatment and non-treatment groups

  Cytological feature                                   Initial nodule volume   Last nodule volume   Value of *p*
  ----------------------------------------------------- ----------------------- -------------------- --------------
  **Treatment group (group 1;** ***n*** **= 74)**       Mean: 2.57 ±2.97        Mean: 2.22 ±2.75     0.009
  Median: 1.42                                          Median: 1.01                                 
  Adenomatous nodules (*n* = 33)                        Mean: 2.13 ±2.50        Mean: 2.10 ±2.81     0.140
  Median: 1.06                                          Median: 0.82                                 
  Colloid nodules (*n* = 18)                            Mean: 3.78 ±4.55        Mean: 2.23 ±2.20     0.040
  Median: 1.56                                          Median: 1.22                                 
  Cystic nodules (*n* = 23)                             Mean: 2.57 ±2.42        Mean: 2.42 ±3.04     0.150
  Median: 1.60                                          Median: 1.40                                 
  **Non-treatment group (group 2;** ***n*** **= 54)**   Mean: 2.05 ±2.19        Mean: 2.18 ±2.64     0.915
  Median: 0.86                                          Median: 0.97                                 
  Adenomatous nodules (*n* = 20)                        Mean: 1.85 ±2.21        Mean: 2.32 ±3.15     0.443
  Median: 0.86                                          Median: 0.97                                 
  Colloid nodules (*n* = 15)                            Mean: 2.20 ±2.18        Mean: 1.73 ±2.03     0.509
  Median: 1.47                                          Median: 0.62                                 
  Cystic nodules (*n* = 19)                             Mean: 2.24 ±2.30        Mean: 2.26 ±2.35     0.624
  Median: 0.77                                          Median: 1.14                                 

By omitting the colloid nodules, remaining nodules were re-evaluated. When all subjects were taken into account, the mean nodule volume changed from 2.18 ±2.35 ml to 2.25 ±2.82 ml (*p* = 0.101). In group 1, mean initial nodule volume was 2.29 ±2.45 ml and decreased to 2.21 ±2.56 ml; the difference was not statistically significant (*p* = 0.067). In group 2, mean nodule volume was 2.01 ±2.22 ml and increased to 2.29 ±2.79 ml but there was no statistically significant change (*p* = 0.701).

"Nodule shrinkage," accepted as a decrease in nodule size ≥ 15%, was observed in 64.1% of nodules of group 1, while stability (changes in nodule size \< 15%) and nodule increment (accepted as an increase in nodule size ≥ 15%) were found in 15.6% and 20.3% of the nodules of this group respectively. However, coequal rates were observed in group 2; decrease in 31.8%, stability in 36.4%, and increase in 31.8%. The proportional change of nodule volume size between the two groups was found to be statistically significant (*p* = 0.002) ([Figure 2](#F0002){ref-type="fig"}).

![The rates of nodule size alterations for treatment and non-treatment groups](AMS-9-22051-g002){#F0002}

In group 1, "nodule shrinkage" was observed in 51.5% of adenomatous nodules, 75.0% of colloid nodules and 79% of cystic nodules, while stability was found in 21.2% of adenomatous nodules, 8.3% of colloid nodules and 10.5% of cystic nodules. Additionally, an increase was observed in 27.3% of adenomatous nodules, 16.7% of colloid nodules and 10.5% of cystic nodules.

"Shrinkage", stability and increase in nodule sizes were also evaluated in group 2. In adenomatous nodules the rates were similar (35%, 35% and 30% respectively). Stability was dominant in colloid nodules (55.6%) while decrease (11.1%) and increase (33.3%) in nodule size were also found in a part of this group. There was no large difference between the rates of "shrinkage", stability and increase in cystic nodules (40%, 26.7% and 33.3% respectively). When we statistically evaluated the proportional change of nodule volume size among cytological features and treatment groups, only colloid nodules had a statistically significant change (*p* = 0.013) ([Figure 3](#F0003){ref-type="fig"}).

![The rates of nodule size alterations according to cytological features\
G1 -- treatment group, G2 -- non-treatment group](AMS-9-22051-g003){#F0003}

If we evaluate the same data with "clinically significant shrinkage", defined as \> 20% increase in at least two dimensions of the nodule or 50% increase in nodule volume, neither group had a clinically significant decrease in volume, including colloid nodules with or without treatment \[[@CIT0032]\].

Discussion {#S0005}
==========

In the medical literature, discussions about treatment of a benign nodule of an endocrine gland are restricted to the thyroid while adenomas of pituitary, adrenal, prostate, gonads or breast are only followed \[[@CIT0033]\]. Although in the last decades there was an attitude to treat nodular goiter with LT4 to suppress TSH \[[@CIT0010]\], this attitude was abandoned because of controversial results on the risk-benefit ratio.

High resolution ultrasonography has become the first-line method in the evaluation of thyroid morphology due to its high sensitivity and ease of use \[[@CIT0034]\]. In our study, changes of the nodule volume from the baseline were sonographically evaluated and LT4 therapy was found to significantly reduce the volume of benign colloid thyroid nodules and thyroid, although this change was not clinically relevant, similar to what was reported in some previous studies \[[@CIT0001], [@CIT0012], [@CIT0034]--[@CIT0037]\]. In these studies, some thyroidologists prefer to lower TSH level to 0.3 mIU/ ml or below, in the course of LT4 therapy, while others aim to keep it between 0.3 mIU/ml and 1.0 mIU/ ml \[[@CIT0037]\]. We attended to the second group and showed that low-normal level TSH suppression could be effective for decreasing thyroid nodule volume instead of an LT4-induced subclinical thyrotoxic state.

The influence of cytological features on shrinkage of nodules has been questioned previously and La Rosa *et al*. reported in particular that colloid nodules and also adenomatous nodules had a tendency to a good response while hyperplastic nodules were resistant to LT4 therapy \[[@CIT0024]\]. However, Vermiglio *et al*. did not confirm this result and suggested that the frequency of shrinking nodules was not different between colloid, adenomatous and hyperplastic nodules \[[@CIT0035]\]. There are not enough studies in the medical literature to investigate the effect of nodule cytology on LT4 therapy response. In our study, only colloid nodules of the treated group (group 1) had a statistically significant reduction while non-treated colloid nodules did not reveal statistically significant shrinkage, and none of them were at clinically significant levels. However, no significant shrinkage was found in either adenomatous or cystic nodules in this study, in either treated or non-treated patients. We did not include hyperplastic nodules in our study because of the difficulty in differentiating them from follicular neoplasm \[[@CIT0029]\]. The reason for the controversial results may be attributed to the study design of the previous studies. Cystic nodules are known to be resistant to LT4 therapy \[[@CIT0036], [@CIT0038]\], but we think this subject is also controversial. It is believed that patients with exclusively or predominantly solid nodules may be more responsive to this therapy than those with a major cystic component, because thyroid cysts have been shown to recur after aspiration despite treatment with LT4 suppression, especially as regards big cystic nodules \[[@CIT0009], [@CIT0039]\]. According to a previous study \[[@CIT0040]\], only 4% of cystic thyroid lesions were pure cystic nodules, 82% were combined with degenerating benign adenomas or colloid nodules, and 14% were malignant. In another wide study, there were only one simple thyroid cyst and three hemorrhagic cysts in 550 examined patients \[[@CIT0041]\]. In fact, the nodules initially considered to be cystic were usually mixed lesions: solid-cystic \[[@CIT0042]\].

Erdogan *et al*. reported a nodule size change criterion as change in nodule volume of at least 15%, and found that 33.1% of thyroid nodules decreased while 32% of them increased in size, in non-treated nodules \[[@CIT0043]\]. If we relate these findings to the current study, non-treated adenomatous and cystic nodules have similar results; one third of them decreased, one third of them increased, and one third of them remained stable. However, only 11% of non-treated colloid nodules decreased spontaneously. When we compared treated and non-treated nodules, there was a more striking difference in colloid nodules than the others; 75% of treated colloid nodules decreased and this may reflect the beneficial effect of LT4 treatment on colloid nodules. In fact, 79% of treated cystic nodules decreased, but 40% of non-treated nodules also decreased spontaneously in our study. Sturniolo *et al*. documented a 79.9% reduction rate in cystic nodules with treatment after FNAB \[[@CIT0044]\] and Sarda *et al*. reported a 44.7% reduction rate without treatment \[[@CIT0045]\]. Our study confirmed that the nodules with evident cystic component have a tendency to shrinkage either with treatment or without treatment. These results may be an effect of FNAB in cystic nodules. Previous reports about FNAB of thyroid nodules showed significant individual changes in volume after the procedure and that may support our suggestion \[[@CIT0046], [@CIT0047]\]. Moreover, Alexander *et al*. suggested that most cystic nodules are less likely to grow compared with nodules with a greater solid component \[[@CIT0048]\]. Meanwhile, a clinically significant decrease was not achieved with these TSH levels in any of the groups in our study. Therefore, we cannot conclude that LT4 therapy has a clinically significant effect on any type of nodule with these results, but still there may be a statistically significant difference for colloid nodules.

Our study has some limitations. We did not include hyperplastic nodules and therefore we cannot comment on this type of nodule. Another point is that there are no absolute criteria for thyroid volume change \[[@CIT0049]\], so we evaluated only statistical significance for total thyroid volume. Also, it is probable that nodular disease may be of clonal or polyclonal origin independent of TSH levels or might express some markers important in the growth process \[[@CIT0050], [@CIT0051]\]. Therefore the genetic analysis of nodular content or molecular markers might give better information about its response to TSH suppression, which was not performed in our study. We also do not know the iodine status of the patients, but since previous studies in this region showed that iodine supplementation is successful in the study region \[[@CIT0028]\], the effect of iodine levels on study results can be accepted as minimal.

On the basis of these results, obtained from a large sample of Anatolian patients, it is possible that LT4 therapy leads to significant reductions on both thyroid volume and nodule size in colloid nodules, but not in other kinds of benign nodules. Considering the possible side effects of LT4 suppressive therapy, especially occurrence of cardiac dysfunction \[[@CIT0052]\], it seems to be important to know the cytological features of benign thyroid nodules that are responsible for nodule shrinkage, for more appropriate management.
